Abstract. We compute the Galois groups for a certain class of polynomials over the the field of rational numbers that was introduced by S. Mori and study the monodromy of corresponding hyperelliptic jacobians.
If K is a field then we writeK for its algebraic closure and denote by Gal(K) its absolute Galois group Aut(K/K). If u(x) ∈ K[x] is a degree n polynomial with coefficients in K and without multiple roots then we write R u ⊂K for the n-element set of its roots, K(R u ) the splitting field of u(x) and Gal(u/K) = Gal(K(R u )/K) the Galois group of u(x) viewed as a certain subgroup of the group Perm(R u ) ∼ = S n of permutations of R u . We write ∆(u) for the discriminant of u. We have
It is well known that ∆(u) is a square in K if and only if Gal(f /K) lies in the alternating (sub)group A n ⊂ S n . If n is odd and char(K) = 2 then we write C u for the genus n−1 2 hyperelliptic curve C u : y 2 = u(x)
and J(C u ) for its jacobian, which is a n−1 2 -dimensional abelian variety over K. We write End(J(C u )) for the ring of allK-endomorphisms of J(C u ) and End K (J(C u ))
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About forty years ago S. Mori [5, Prop. 3 on p. 107] observed that if n = 2g + 1 is odd and Gal(f /Q) is a doubly transitive permutation group then End K (J(C u )). He constructed [5, Th. 1 on p. 105] explicit examples (in all dimensions g of polynomials (actually, trinomials) f (x) over Q such that Gal(f /Q) is doubly transitive and End(J(C f )) = Z.
Om the other hand, about fifteen years ago the following assertion was proven by the author [11] .
The aim of this note is to prove that in Mori's examples Gal(f /Q) = S 2g+1 . This gives another proof of the theorem of Mori [5, Th. 1 on p. 105]. Actually, we extend the class of Mori trinomials with End(J(C f )) = Z, by dropping one of the congruence conditions imposed by Mori on the coefficients of f (x). We also prove that the images of Gal(Q) in the automorphism groups of Tate modules of J(C f ) are almost as large as possible.
1.2.
Throughout this paper, g, p, b, c are integers that enjoy the following properties [5] .
(i) The number g is a positive integer and p is an odd prime. In addition, there is a positive integer N such that (
2 ) N is divisible by g. This means that every prime divisor of g is also a divisor of p−1 2 . This implies that (p, g) = (p, 2g) = 1.
It follows that if g is even then p is congruent to 1 modulo 4.
(ii) Another property is that b mod p is a primitive root of F p = Z/pZ; in particular, (b, p) = 1.
(iii) The remaining properties are that
and c is odd. This implies that (c, 2g) = 1.
S. Mori [5] introduced and studied the monic degree (2g + 1) polynomial
which we call a Mori trinomial. He proved the following results [5, pp. 106-107] .
is irreducible over Q 2 and therefore over Q. 
and its jacobian J(C f ), which is a g-dimensional abelian variety over Q. Assume additionally that c is congruent to −p modulo 4. Then C f is a stable curve over Z and J(C f ) has everywhere semistable reduction over Z. In addition, End(J(C f ) = Z. Remark 1.5. Suppose that g is odd. It follows from Theorem 1.3(iii) that if g is odd then Gal(f ) contains a product of g transpositions and therefore is not contained in the alternating group A 2g+1 . In other words, the discriminant ∆(f ) of f (x) is not a square in Q.
Our main result is the following statement. Let u(x) ∈ Q[x] be a degree 2g + 1 polynomial without multiple roots. Then the jacobian J(C u ) is a g-dimensional abelian variety over Q. For every prime ℓ let T ℓ (J(C u )) be the ℓ-adic Tate module of J(C u ), which is a free Z ℓ -module of rank 2g provided with the canonical continuous acttion
at most, one double root and this root (if exists) lies in
of Gal(Q) := Gal(Q/Q) [7, 9] . There is a Riemann form
and is a nondegenerate (even perfect) alternating Z ℓ -bilinear form that satisfies
This implies that the image
lies in the (sub)group
of symplectic similitudes of e ℓ [12, 13, 15] . Using results of Chris Hall [4] and the author [15] , we deduce from Theorem 1.6 the following statement.
Then:
ii Let L be a number field and Gal(L) be its absolute Galois group, which we view as an open subgroup of finite index in Gal(Q). Then for all but finitely many primes ℓ the image
The paper is organized as follows. In Section 2 we deduce Theorem 1.10 from Theorem 1.6. In Section 3 we discuss a certain class of trinomials that is related to Mori polynomials. Section 4 deals with discriminants of Mori polynomials. We prove Theorem 1.6 in Section 5.
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Monodromy of hyperelliptic jacobians
Proof of Theorem 1.10 (modulo Theorem 1.6. By Theorem 1.6(iii), Gal(f /Q) coincides with the full symmetric group S 2g+1 . By Theorem 1.6(iv), End(J(C f )) = Z. It follows from Theorem 1.6(i) that there is an odd prime ℓ such that J(C f ) has at ℓ a semistable reduction with toric dimension 1 [4] . Now the assertion (i) follows from [15, Th. 4.3] . The assertion (ii) follows from [4, Th. 1].
Reduction of certain trinomials
In order to prove Theorem 1.6(i), we will use the following elementary statement that was inspired by [10 
be a monic polynomial of degree n > 1 such that both B and C are nonzero integers.
(1) If u(x) has a multiple root then If n divides B and (n − 1) divides C.
(2) Let ℓ be a prime that enjoys the following properties.
Suppose that u(x) has no multiple roots. Let us consider the polynomial
.
Then: (a)ū(x) has, at most, one multiple root in an algebraic closure of F ℓ . (b) If such a multiple root say, γ does exist, then ℓ does not divide n(n − 1)BC and γ is a double root ofū(x). In addition, γ is a nonzero element of F ℓ . (c) If such a multiple root does exist then either the field extension Q(R u )/Q is unramified at ℓ or a corresponding inertia subgroup at ℓ in
is generated by a transposition. 
Proof of Lemma 3.1. Proof of (1). Since u(x) has a multiple root, its discriminant
This implies that n n C n−1 = ±(n − 1) n−1 B n = 0.
Since n and (n − 1) are relatively prime, n n | B n and (n − 1) n−1 | C n−1 . This implies that n | B and C | (n − 1).
Proof of (2). We haveū
The condition (i) implies that eitherB = 0 orC = 0. The condition (ii) implies that ifB = 0 then n = 0 in F ℓ . The condition (iii) implies that if (n − 1) = 0 in F ℓ thenC = 0. The derivative ofū(x) isū
Supposeū(x) has a multiple root γ in an algebraic closure of F ℓ . Then
IfB = 0 thenC = 0 and n = 0 in F ℓ ; in addition, nγ n−1 = 0, i.e., γ = 0, which, in turn, implies thatC = 0 and we get a contradiction. Sō
If (n − 1) = 0 in F ℓ then n = 0 in F ℓ andC = 0; in addition, we get 0 = −(n − 1)Bγ = nC, which implies nC = 0 and we get a contradiction. So, (n − 1) = 0 in F ℓ and we we have
If γ = 0 then it follows from (1) thatC = 0, which is not the case. This proves that γ = 0. It follows from (2) that n = 0 in F ℓ . Notice that the second derivativeū ′′ (x) = n(n − 1)x n−2 . This implies that
It follows that γ is a double root ofū(x). This ends the proof of (a) and (b). In order to prove (c), notice that there exists a monic degree (n − 2) polynomial
Clearly, γ is not a root ofh(x) and thereforeh(x) has no multiple roots and relatively prime to (x − γ) 2 . By Hensel's Lemma, there exist monic polynomials
This implies that the splitting field Q ℓ (R h ) of h(x) (over Q ℓ ) is an unramified extension of Q ℓ while the splitting field Q ℓ (R u ) of u(x) (over Q ℓ ) is obtained from Q ℓ (R h ) by adjoining to it two (distinct) roots say, α 1 and α 2 of quadratic v(x). Clearly, Q ℓ (R u ) either coincides with Q ℓ (R h ) or is its quadratic extension, ramified or unramified. It follows that the inertia subgroup I of
is either trivial or is generated by the transposition that permutes α 1 and α 2 (and leaves invariant every root of h(x)). In the former case Q(R u )/Q is unramified at ℓ while in the latter one an inertia subgroup in
that corresponds to ℓ is generated by a transposition. 
Here B = C = −1 and the conditions of Lemma 3.1 hold for all primes ℓ. It is known (see [10, Remark 2 on p. 42]) that u(x) is irreducible, its Galois group over Q is S n and there exists a prime ℓ such that u(x) mod ℓ acquires a multiple root. Clearly, the discriminant ∆(u) = Discr(n, −1, −1) of u(x) is an odd integer and therefore such an ℓ is odd. It follows from Lemma 3.1 that u(x) mod ℓ has exactly one multiple root and its multiplicity is 2.
Let n = 2g + 1 be an odd integer ≥ 5 and
Let us consider the g-dimensional jacobian J(C u ) of the hyperelliptic curve C u :
Since Gal(u/Q) = S 2g+1 , Theorem 1.1 tells us that End(J(C u )) = Z. Now the same arguments as in Section 2 prove that:
(i) For all primes ℓ the image
is an open subgroup of finite index in Gp(T ℓ (J(C u )), e ℓ ). (ii) Let L be a number field and Gal(L) be its absolute Galois group, which we view as an open subgroup of finite index in Gal(Q). Then for all but finitely many primes ℓ the image
coincides with Gp(T ℓ (J(C u )), e ℓ ).
be a monic polynomial of degree n > 1 without multiple roots such that both B and C are nonzero integers that enjoy the following properties. 
has exactly one multiple root and its multiplicity is 2. In addition, this root lies in F ℓ . (ii) The field extension Q(R u )/Q is ramified at ℓ and the Galois group
Proof. The conditions on the discriminant D imply that there is an odd prime ℓ and an odd positive integer 2N + 1 such that ℓ 2N +1 || D 0 and therefore ℓ 2N +1 || D. This implies that the quadratic field extension Q( √ D)/Q is ramified at ℓ. Since
the field extension Q(R u )/Q is also ramified at ℓ. Since ℓ | D, the polynomial
has a multiple root. Now the result follows from Lemma 3.1 combined with Remark 1.9. [5] , let us consider
Discriminants of Mori trinomials
Clearly, the conditions of Lemma 3.1 hold for all odd primes ℓ. The discriminant
It follows that
This implies that
Clearly, D 0 is an odd integer that is not divisible by p. It is also clear that D 0 is congruent to 2g + 1 modulo 8 (because every odd square is congruent to 1 modulo 8). In particular, if g is odd then D 0 is congruent to 3 modulo 4 and therefore is not a square.
Remark 4.1. Obviously, D 0 is not divisible by p. Clearly, f (x) and u(x) have the same splitting field and Galois group. It is also clear that
In particular, if g is odd then D is not a square, thanks to Remark 1.5. 2g+1 modulo p, it is also not a quadratic residue modulo p. Therefore −D 0 is not a quadratic residue modulo p as well. This implies that both D 0 and −D 0 are not squares.
Suppose that g is odd and therefore (−1) g = −1. We already know that D 0 is not a square. Suppose that −D 0 is a square. It follows that the discriminant
is a square, which contradicts to Remark 4.1. The obtained contradiction proves that −D 0 is not a square as well.
Proof of Main Result
We keep the notation of Section 4. By Theorem 1.3(i,iii), the polynomial f (x) is irreducible over Q and its Galois group is doubly transitive. The combination of Lemma 4.2, Corollary 3.4 and Remark 4.1 implies that Gal(f /Q) = S 2g+1 . It follows from Remark 1.8 implies that End(J(C f )) = Z.
